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FOREWORD

The mission of the U.S. Geological Survey (USGS) is to assess the quantity and quality of the earth resources of the
Nation and to provide information that will assist resource managers and policymakers at Federal, State, and local levels
in making sound decisions. Assessment of water-quality conditions and trends is an important part of this overall
mission.

One of the greatest challenges faced by water-resources scientists is acquiring reliable information that will guide the
use and protection of the Nation’s water resources. That challenge is being addressed by Federal, State, interstate, and
local water-resource agencies and by many academic institutions. These organizations are collecting water-quality data
for a host of purposes that include: compliance with permits and water-supply standards; development of remediation
plans for a specific contamination problem; operational decisions on industrial, wastewater, or water-supply facilities;
and research on factors that affect water quality. An additional need for water-quality information is to provide a basis
on which regional and national-level policy decisions can be based. Wise decisions must be based on sound information.
As asociety we need to know whether certain types of water-quality problems are isolated or ubiquitous, whether there
are significant differences in conditions among regions, whether the conditions are changing over time, and why these
conditions change from place to place and over time. The information can be used to help determine the efficacy of

existing water-quality policies and to help analysts determine the need for, and likely consequences, of new policies.

To address these needs, the Congress appropriated funds in 1986 for the USGS to begin a pilot program in seven project
areas to develop and refine the National Water-Quality Assessment (NAWQA) Program. In 1991, the USGS began full
implementation of the program. The NAWQA Program builds upon an existing base of water-quality studies of the
USGS, as well as those of other Federal, State, and local agencies. The objectives of the NAWQA Program are to:

* Describe current water-quality conditions for a large part of the Nation’s freshwater streams, rivers, and aquifers.
* Describe how water quality is changing over time.
» Improve understanding of the primary natural and human factors that affect water-quality conditions.

This information will help support the development and evaluation of management, regulatory, and monitoring
decisions by other Federal, State, and local agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being achieved through investigations of 60 of the Nation’s most important river
basins and aquifer systems, which are referred to as study units. These study units are distributed throughout the Nation
and cover a diversity of hydrogeologic settings. More than two-thirds of the Nation’s freshwater use occurs within the
60 study units and more than two-thirds of the people served by public water-supply systems live within their boundaries.

National synthesis of data analysis, based on aggregation of comparable information obtained from the study units, is
a major component of the program. This effort focuses on selected water-quality topics using nationally consistent
information. Comparative studies will explain differences and similarities in observed water-quality conditions among
study areas and will identify changes and trends and their causes. The first topics addressed by the national synthesis
are pesticides, nutrients, volatile organic compounds, and aquatic biology. Discussions on these and other water-quality
topics will be published in periodic summaries of the quality of the Nation’s ground and surface water as the information
becomes available.

This report is an element of the comprehensive body of information developed as part of the NAWQA Program. The
program depends heavily on the advice, cooperation, and information from many Federal, State, interstate, Tribal, and
local agencies and the public. The assistance and suggestions of all are greatly appreciated.

Robert M. Hirsch
Chief Hydrologist
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Water-Quality Assessment of Part of the Upper Mississippi River Basin,
Minnesota and Wisconsin—Pesticides in Streams, Streambed
Sediment, and Ground Water, 1974-94

By James D. Fallon, Alison L. Fong, and William J. Andrews

ABSTRACT

Available data on pesticides in streams, streambed sediment, and ground water from Federal, state, and local
agencies are reviewed for part of the Upper Mississippi River Basin study unit of the National Water-Quality
Assessment Program. The analysis focuses on a smaller study area encompassing 19,500 square miles that includes
the Upper Mississippi River Basin from Lake Pepin upstream to sampling stations on the Mississippi River near
Royalton, Minnesota, and the Minnesota River near Jordan, Minnesota, and the entire drainage basins of the
St. Croix, Vermillion, and Cannon Rivers. Assessment is generally restricted to two groups of pesticides—the most
frequently detected herbicides and organochlorine insecticides—although pesticides rarely or never detected are
noted.

Herbicides, including alachlor, atrazine, cyanazine, or metolachlor, were detected in every stream sampled except
the Kettle River. Streams draining row-crop areas had the most herbicide detections. Atrazine was the most widely
detected herbicide, with detections in all streams sampled except the Kettle River. Concentrations of atrazine,
metolachlor, and cyanazine were greatest in July and detectable most of the year at very low (parts-per-trillion)
concentrations. The herbicides EPTC and trifluralin were never detected, although they were used in amounts equal to
or greater than those detected, reflecting the fact that some herbicides are less persistent than others. A small urban
stream draining part of the Lake Harriet Watershed in Minneapolis, Minnesota, contained substantial concentrations
of pesticides as well. Eighty-five percent of runoff events sampled in this entirely urbanized watershed had detections
of herbicides commonly used for residential purposes, and 43 percent of the events had detections of alachlor,
atrazine, cyanazine, or metolachlor—herbicides used predominantly for agriculture. Pesticide concentrations in urban
runoff remained well above detection limits throughout the summer, indicating repeated applications of pesticides.

Selected organochlorine insecticides, banned since the 1970, still were detected in recent streambed-sediment
samples. Three insecticides, 4,4"-DDT, heptachlor, and lindane, and their metabolites account for almost two-thirds of
the organochlorine insecticides detected. Organochlorine insecticides were detected more frequently in streambed
sediment than in streamwater. Detections in both phases were most frequent within or downstream of the Twin Cities
metropolitan area, indicating that most of these insecticides originated from the Twin Cities metropolitan area.

The most frequently detected herbicides in ground water were the same as those frequently detected in streams.
Most detections were found in the sand and gravel aquifers underlying agricultural areas, including the Anoka Sand
Plain and Bonanza Valley. Atrazine, deethylatrazine, and deisopropylatrazine were detected most frequently. Detection
frequencies of atrazine were extremely variable among the various agencies, ranging from O to 66.7 percent, probably
as a result of different sampling purposes, well locations, and detection levels. Atrazine and atrazine metabolites were
the only pesticides detected in bedrock aquifers, with detections found mainly in the agriculture-dominated southeastern
part of the study area where bedrock commonly outcrops near the surface. Thus, most detections of herbicides in
ground water were found in environmental settings where ground water is vulnerable to contamination.

Atrazine was the only pesticide that equaled or exceeded a maximum contaminant level (of 3.0 micrograms
per liter) for drinking water. Two stream samples from a small urban watershed in Minneapolis had atrazine
concentrations of 3.6 and 3.8 micrograms per liter, and one ground-water sample had a concentration of
3.0 micrograms per liter. Trace concentrations (less than 0.06 micrograms per liter) of the organochlorine insecticides
chlordane, dieldrin, endrin, and heptachlor exceeded chronic freshwater-quality criteria in stream samples from the
Mississippi, Minnesota, St. Croix, and Vemillion Rivers in 1981 and 1990.



INTRODUCTION

In 1991, the USGS began full implementation of the
NAWQA. Major activities of the NAWQA take place
within a set of hydrologic systems called study units.
Study units comprise diverse hydrologic systems of
river basins, aquifer systems, or both. The Upper
Mississippi River Basin NAWQA study unit, which
encompasses an area of about 47,000 mi2, includes the
entire drainage area of the Mississippi River Basin upstream
from the outlet of Lake Pepin (fig. 1). The study unit
includes areas of rich agricultural lands, forests,
wetlands, prairies, and a major urban area. Water quality
of the Upper Mississippi River, which contains the
headwaters of the largest river in the Nation, is of
concern due to reliance on streamwater for water users,
for a source of drinking water by major municipalities in
the basin, and for good quality water to maintain the
health of regional aquatic ecosystems. Ground water is
the principal source of potable water to smaller
municipalities and domestic water systems in the study
unit. Ground water in unconfined sand and gravel
aquifers of glacial and alluvial origins is particularly
susceptible to degradation from human activities at the
land surface. Ground water in these sand and gravel
aquifers and in adjoining bedrock aquifers is typically
hydraulically connected to rivers throughout the study
unit. These features make the Upper Mississippi River
Basin study unit an essential component of a
comprehensive national assessment of water quality.

The first phase of investigation in the study unit,
lasting from 1994-99, is focused principally on the
effects of the seven-county TCMA on water quality and
aquatic ecosystems. As a result, this retrospective
analysis focuses on a smaller study area, encompassing
19,500 mi? of the eastern portion of the Upper
Mississippi River Basin study unit (fig. 1). This study
area includes the part of the Upper Mississippi River
Basin from Lake Pepin upstream to sampling stations on
the Mississippi River near Royalton, Minnesota, and the
Minnesota River near Jordan, Minnesota, where long-
term water-quality data are available, and the entire
drainage basin of the St. Croix River. Most of the
TCMA, with a population of about 2,290,000, is
included in the south-central part of the study area.

Pesticides are used throughout the Upper Mississippi
River Basin study unit—especially in agricultural and
urban areas. Once applied, a small percentage of
pesticides often enter streams in runoff (Thurman and
others, 1992), in ground-water discharge (Squillace and
others, 1993), in atmospheric deposition from aerosols
and rainfall (Buser, 1990; Majewski and Capel, 1995),
and in ground water through infiltration. Pesticides in
streams and ground water are a concern because low

concentrations of these compounds can have toxic,
mutagenic, or carcinogenic effects in aquatic biota and
humans (U.S. Environmental Protection Agency, 1994;
Patlak, 1996). Very low concentrations of many
pesticides in water are suspected of, or are known to,
disrupt the endocrine systems of animals and humans,
thereby interfering with their hormonal, sexual, and
reproductive viabilities (Colborn and Clement, 1992).

Purpose and Scope

This report describes the presence and distribution
of the most frequently detected pesticides in streams,
streambed sediment, and ground water in the study area
from 1974-94. Summaries are presented for selected
pesticides in stream, streambed-sediment, and ground-
water samples collected by the MCES, MDA, MDH,
MPCA, USACE, USGS, and WDNR, applying to
periods for which the most data were available. This
report also summarizes estimated quantities of the most
used herbicides and insecticides for agriculture in the
Upper Mississippi River Basin study unit and describes
possible relations between the pesticide use and the
presence of these pesticides in streams and ground
water. This report focuses on synthetic-organic
herbicides and insecticides because these pesticides are
of concern to environmental and human health (Nowell
and Resek, 1994). Furthermore, synthetic-organic
pesticides can be distinguished from other sources in the
environment because they are used exclusively as
pesticides, unlike inorganic pesticides such as copper or
arsenic. Insecticides and nematicides collectively are
referred to as insecticides in this report.

Many pesticides used in the study unit were either not
analyzed or not detected in water or in sediment. This
report focuses on the most frequently analyzed and
detected herbicides, insecticides, and related
metabolites and isomers in water and streambed
sediment. For brevity, metabolites and isomers of
pesticides also are referred to as pesticides. Assessment
is restricted to two groups of pesticides—the most
frequently detected herbicides and most frequently
detected insecticides. The most frequently detected
herbicides for streams and ground water include atrazine,
deethylatrazine, deisopropylatrazine, alachlor, cyanazine,
metolachlor, and simazine. The most frequently detected
insecticides for streams and streambed sediment include
aldrin, chlordane, 4,4'-DDT, 4,4-DDD, 4,4'-DDE,
dieldrin, endrin, y-HCH (or lindane), - and 8-HCH,
heptachlor, heptachlor epoxide, and toxaphene.
Fungicides are not included because fungicides were rarely
analyzed and were not detected in analyses of samples
compiled for this report.

















































































surface. In unfiltered samples, 17.3 and 23.4 percent had
detections of triazines, by the USGS and WDNR,
respectively (fig. 20, tables 12 and 15).

Water-Quality Implications

Generalizations about the fate and distribution of
pesticides reviewed in this report are affected by
pesticide uses and properties, by the environmental
settings in which pesticides are used, by the sampling
designs and analytical methods of collecting agencies,
and by how society regulates pesticide concentrations.

The spatial distribution of sampling sites for data
presented in this report is not evenly distributed.
Pesticide sample collections often are restricted to a
subset of physical phases or environmental settings
where pesticides are most expected because of costs
associated with analyses. Physical properties of
pesticides determine their susceptibility to be lost to
runoff in the dissolved phase, or sorbed to sediment, or
to be lost to ground water by leaching (table 1). Certain
environmental settings may be more vulnerable to
pesticide contamination than others, such as ground
water underlying permeable soils in agricultural areas,
and these settings are frequently sampled more than
others. Nationally, 76 percent of pesticides are used for
agriculture (Aspelin, 1994), so agricultural areas are
most frequently sampled, especially for herbicides. The
persistence and hydrophobicity of organochlorine
insecticides increase their susceptibility to be
transported in the sediments of rivers, so many large
rivers are sampled for these insecticides. For these
reasons, less information is available for pesticides in
streams and ground water in forested and urban areas.

Concentrations of many pesticides in drinking water,
streams, streambed sediment, and ground water are
regulated by Federal and State agencies (table 18).
Maximum contaminant levels of pesticides in drinking
water are enforceable standards of annual average
concentrations, based on toxicity studies and treatment
feasibility, and established by the USEPA (Nowell and
Resek, 1994; U.S. Environmental Protection Agency,
1994). Regulation of pesticide concentrations in
drinking water has implications for pesticides in streams
and ground water because these waters often are
drinking-water sources and because removal of
pesticides from drinking water often requires costly
carbon filtration that most public water-treatment
facilities lack (Miltner and others, 1989). Ambient
water-quality criteria also have been established by the
USEPA because of known or suspected adverse effects
of pesticides on humans and aquatic organisms (Nowell
and Resek, 1994). These criteria set nonenforceable
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guidelines for development of standards by states for
pesticide concentrations in freshwater and sediment.
Criteria to protect human health are based on the health
risks of ingesting water or organisms (such as fish and
shellfish) from freshwaters. Ambient water-quality
criteria to protect aquatic organisms are based on
toxicity calculations for both acute (instantaneous to
1-hour) and chronic (1- to 4-day) exposure to toxic
compounds (Ware, 1994).

Streams

Pesticides were detected in streams draining
agricultural, urban, and forested areas, even though most
sampling designs focused on agricultural areas. The
most frequently detected pesticides were triazine
herbicides, atrazine and cyanazine, and the acetanilide
herbicides, alachlor and metolachlor. These herbicides
were most frequently sampled for and detected in
southern and western streams draining agricultural parts
of the study area. These herbicides are among the most
used herbicides in the Upper Mississippi River Basin
study unit (table 1) and among those that have a
medium-to-large risk of loss to runoff in the dissolved
phase (table 18) because of higher solubilities and
longer persistence than many other herbicides and
insecticides currently used.

Whereas pesticides often are associated with
agriculture, this report shows that streams draining
urban areas can contain significant concentrations of
pesticides. Although the most frequently detected
herbicides are used predominantly for agriculture, they
also were detected in an entirely urbanized part of the
Lake Harriet Watershed in Minneapolis. In fact, of all
herbicide detections in streams, only the atrazine
concentrations composited from urban runoff events in
Minneapolis (3.6-3.8 ug/L, table 4) exceeded annual
maximum contaminant levels for drinking water
(table 18). The small drainage area (0.22 mi?) of the
watershed contributed to the high concentrations
because smaller watersheds typically have sharper and
higher peak flows and concentrations of these types of
constituents than larger watersheds. Streams draining
larger watersheds may transport a greater mass of
pesticides, but at lower concentrations. Nevertheless,
these concentrations are notable because atrazine is
registered for agricultural use and because atrazine was
detected in rainfall in the watershed, so the significant
concentrations present in runoff were probably
transported atmospherically into the watershed. Other
herbicides detected in the urbanized Lake Harriet
Watershed include two of the five most commonly
used for residential purposes (2,4-D and dicamba),
but not the other three (glyphosate, trifluralin, and



pendimethalin). Herbicides were rarely detected in
streams draining forested areas, but these streams were
sampled much less frequently than other areas.

The herbicides, including alachlor, atrazine,
cyanazine, metolachlor, and simazine, that were
detected in streams under base-flow conditions in
October and before pesticide application in April, also
were detected in ground water. This indicates that one
source of herbicides to streams is from ground-water
discharge.

Other herbicides, such as EPTC, 2,4-D, and
trifluralin, were used in agriculture as much or more
than the frequently detected triazine and acetanilide
herbicides (table 1) and were identified as having a
medium risk of loss to runoff (Goss, 1992), but were
rarely or never detected in agricultural areas. In general,
these herbicides are less persistent than the triazines and
acetanilides, and they are more difficult to identify and
quantify at similar concentrations because of their
physical properties (Lartiges and Garrigues, 1995).

Organochlorine insecticides were analyzed in
samples from TCMA streams that received wastewater-
treatment-plant discharge. Several organochlorine
insecticides exceeded long-term consumption limits for
children (chlordane) or freshwater-quality criteria for
the protection of aquatic life (chlordane, dieldrin,
endrin, and heptachlor). The presence of this class of
persistent hydrophobic insecticides in streams has been
less of a problem recently than in the past; 70 percent of
the detections occurred in 1981, and the most recent
year a criteria was exceeded was 1990.

Streambed Sediment

Organochlorine insecticides were the most frequently
analyzed pesticides in streambed sediment because of
their hydrophobic, toxic, and persistent characteristics.
Although most organochlorine insecticide use was
banned or restricted in the 1970’s and 1980’s, many
insecticides were still detected in samples collected in
the 1990’s. Organochlorine insecticides were detected in
every stream sampled except the Namekagon River
(table 10), which implies ubiquity. However, 95 percent
of the samples were collected from rivers just upstream
of, within, or downstream of the TCMA, so little data
are available to assess background concentrations. No
organochlorine insecticide concentrations exceeded
ambient water-quality criteria for sediment. It is difficult
to determine temporal trends in organochlorine
insecticide concentrations because of inconsistent
detection levels. Several more years of data at current
detection levels would be needed before trends can be
calculated.
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Assessment of other pesticides likely to be
transported by sediment is incomplete. For example,
four pesticides that are used in significant quantities in
agricultural areas of the Upper Mississippi River Basin
study unit are considered to have a large risk of loss
sorbed to sediment (Goss, 1992): trifluralin,
pendimethalin, glyphosate, and diazinon (table 1). Of
these four pesticides, only diazinon was analyzed for but
detected in less than 5 percent of all samples. Diazinon
was detected in unfiltered water samples but no filtered
samples. This indicates that diazinon is being
transported with the sediment and may be detected in
streambed sediment if it were analyzed for more
frequently.

Ground Water

Pesticides were detected in about one-fifth of
the wells sampled. The pesticides most frequently
detected in ground water (alachlor, atrazine, cyanazine,
metolachlor, and simazine) are similar to those
frequently detected in streams. This is not unexpected
because most of the physical properties that make
pesticides, such as triazine and acetanilide herbicides,
vulnerable to transport in the dissolved phase apply to
both ground water and streams. Furthermore, the
agencies, including the MDA, MPCA, and USGS, that
sampled ground water also sampled streams and
frequently used similar or identical analytical methods.

The environmental setting affects where pesticides
are detected in ground water. In surficial aquifers, most
wells with detections were located in agricultural areas
underlain by outwash or alluvium, including the Anoka
Sand Plain and the Bonanza Valley. More wells with
detections in these areas may result partly from sample
design because most wells sampled were located in
agricultural areas. However, in areas of high
permeability, pesticides applied at the surface may be
readily transported to ground water. Similarly, in
bedrock aquifers, most wells with detections were
located in areas where bedrock commonly outcrops at
the surface or is in hydraulic connection with surficial
aquifers in buried bedrock valleys, making the bedrock
aquifers vulnerable to contamination. Although no
concentrations exceeded drinking-water standards,
pesticides in ground water are a concern. Once present
in ground water, pesticides persist longer than at the
surface because of longer pesticide degradation rates
and ground-water residence times. Furthermore,
pesticides in ground water may be discharged to streams
or to drinking-water supply wells.



Atrazine and alachlor, which were two of the six most
used pesticides in the study area and are considered to
have a high risk of loss to leaching to ground water
(Goss, 1992), were detected in samples from wells.
Others considered to have a high risk of leaching
(bentazon, dicamba, and metribuzin) were not detected,
either because they were not commonly analyzed for or
because they were not used in as
large quantities.

SUMMARY AND CONCLUSIONS

As part of a retrospective analysis of water-quality
data, the Upper Mississippi River Basin study unit
of the National Water-Quality Assessment Program,
U.S. Geological Survey, summarized pesticide data for
streams, streambed sediment, and ground water from
water-quality data bases maintained by Federal, state,
and local agencies. The analysis focuses on a study area
encompassing 19,500 mi? that includes the Upper
Mississippi River Basin from Lake Pepin upstream to
sampling stations on the Mississippi River near
Royalton, Minnesota, and the Minnesota River near
Jordan, Minnesota, and the entire drainage basins of the
St. Croix, Vermillion, and Cannon Rivers. Assessment is
restricted to two groups of pesticides—the most
frequently detected herbicides and most frequently
detected insecticides. Herbicide data summarized
for streams and ground water include atrazine,
deethylatrazine, deisopropylatrazine, alachlor, cyanazine,
metolachlor, and simazine. Insecticide data summarized
for streams and streambed sediment include aldrin,
chlordane, 4,4'-DDT, 4,4'-DDD, 4,4'-DDE, dieldrin,
endrin, y-HCH (or lindane), a- and 6-HCH, heptachlor,
heptachlor epoxide, and toxaphene. Quantities of the
most used herbicides and insecticides are estimated for
agriculture in the Upper Mississippi River Basin study
unit and possible relations between pesticide use and the
presence of pesticides in streams and ground water are
described.

Examination of pesticide-use and water-quality data
contained in this report led to the following conclusions.
In streams, trace concentrations of pesticides are
ubiquitous—herbicides were detected at every site
sampled except the Kettle River. Herbicides were
detected most often in streams draining row-crop
agricultural areas; the Minnesota and Cannon Rivers
had the most detections, followed by the Sauk, Straight,
and Crow Rivers. Atrazine was the most widely detected
pesticide, with detections in all streams sampled except
the Kettle River. Concentrations of atrazine,
metolachlor, and cyanazine were greatest in July,
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although these herbicides and others are detectable most
of the year at very low (parts-per-trillion)
concentrations. The herbicides EPTC and trifluralin
were never detected, although they were used in
amounts equal to or greater than those detected,
reflecting the fact that some herbicides are less
persistent than others. A small urban stream draining
part of the Lake Harriet Watershed in Minneapolis,
Minnesota, contained substantial concentrations of
pesticides as well. Eighty-five percent of runoff events
sampled in this entirely urbanized watershed had
detections of herbicides commonly used for residential
purposes, and 43 percent of the events had detections of
alachlor, atrazine, cyanazine, or metolachlor—
herbicides used predominantly for agricultural purposes.
Unlike pesticide concentrations in agricultural streams,
pesticide concentrations in urban stormwater runoff
remained well above detection limits throughout the
summer, indicating repeated applications of pesticides.

Organochlorine insecticides were rarely detected in
streamwater, but samples collected during 1981 and
1990 exceeded the U.S. Environmental Protection
Agency’s chronic freshwater-quality criteria for
chlordane, dieldrin, endrin, and heptachlor on the
Mississippi, Minnesota, St. Croix, and Vermillion
Rivers, with concentrations less than 0.06 ug/L.
Organochlorine insecticides in streams and streambed
sediment were detected more frequently downstream of
the Twin Cities metropolitan area than upstream, with
the greatest detection frequencies located within or
immediately downstream, suggesting that most of these
insecticides originated from the Twin Cities
metropolitan area.

Most detections of herbicides in ground water
were in agricultural areas underlain by outwash and
alluvium, including the Anoka Sand Plain and the
Bonanza Valley. Atrazine, deethylatrazine, and
deisopropylatrazine were the most frequently detected
pesticides in ground water. Detection frequencies of
atrazine were extremely variable, ranging from O to
66.7 percent among the various agencies, probably as a
result of different sampling purposes, well locations,
and detection levels. Atrazine and its metabolites were
the only pesticides detected in bedrock aquifers, with
detections found mainly in the southeastern part of the
study area where bedrock commonly outcrops near the
surface in agricultural areas. Thus, most detections of
herbicides in ground water were observed in
environmental settings where agriculture is practiced
and ground water is vulnerable to contamination.



Detections are related to pesticide class and land use.
The five herbicides most frequently detected in streams
and ground water are triazine or acetanilide herbicides.
Triazines and acetanilides are among the most used
herbicides, persist longer, and are easier to analyze than
many other pesticides currently used. Detection
frequencies of insecticides, other than organochlorine
insecticides, were lower than herbicides. These
insecticides were rarely detected because application
rates of insecticides applied for agriculture in the Upper
Mississippi River Basin study unit are about 28 times
less than herbicides, because most insecticides degrade
more rapidly than herbicides, and because insecticides
are analyzed for less frequently than herbicides.
Organochlorine insecticides were detected more
frequently in streambed sediment than in streamwater.
Although most organochlorine insecticides have been
banned since the 1970’s, they still were detected in the
most recent streambed-sediment samples. Three
insecticides, 4,4'-DDT, heptachlor, and lindane, and
their metabolites and isomers account for almost two-
thirds of the organochlorine insecticides detected.

Atrazine was the only pesticide that equaled or
exceeded a maximum contaminant level (of 3.0 ug/L)
for drinking water. Two stream samples from the
Lake Harriet Watershed in Minneapolis had atrazine
concentrations of 3.6 and 3.8 ug/L, and one ground-
water sample had a concentration of 3.0 ug/L.

Trace concentrations (less than 0.06 ug/L) of
organochlorine insecticides in streams exceeded the
U.S. Environmental Protection Agency’s chronic
freshwater-quality criteria for the protection of aquatic
organisms in several samples collected from the
Mississippi, Minnesota, St. Croix, and Vemillion Rivers
during 1981 and 1990. Concentrations of all other
pesticides in streams, streambed sediment, and ground
water were below applicable standards and sediment-
quality criteria, so, whereas pesticides are present in
waters of the study area, concentrations are generally
below levels currently considered safe for drinking
water and aquatic organisms.
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Table 1.--Estimated quantities of herbicides and insecticides used for agriculture in 1989 in the Upper
Mississippi River Basin study unit (Gianessi and Puffer, 1991and1992), frequently used herbicides and
insecticides for lawns and gardens nationally (Whitmore and others, 1992), and risks of pesticide transport

(Goss, 1992)

[SW, streams; SED, stream sediment; GW, ground water]

Pesticides, grouped by type
and ranked by quantity,
applied in study unit and
study area; italicized text
indicates pesticide has

Crops and land

Risk of potential transport by

runoff in dissolved phase (SW) Quantity applied for

or in solid phase (SED),

and by leaching to
ground water (GW); {
S, small; M, medium; L, large area), in thousands

agricultural
purposes in study
unit (and study

significant nonagricultural Pesticide commonly applied to of pounds of active
use nationally class in Minnesota and Wisconsin SW SED GW ingredient
Herbicides 16,900 (6,850)
1. EPTC Thiocarbamate corn, beans, potatoes, alfalfa M S S 4,490 (1,850)
2. Alachlor Acetanilide corn, beans, sweet corn M S M 2,400 (991)
3. Cyanazine Triazine corn, sweet corn M S M 1,650 (680)
4. Metolachlor Acetanilide corn, beans, potatoes, sweet cormn L M L 1,590 (657)
5. Trifluralin Dinitroaniline beans, small grains, alfalfa, corn M L S 1,260 (521)
dAcetochlor—1994 rates  Acetanilide corn only 1,130 (356)
6. Atrazine Triazine corn, pasture, sweet corn, sod L M L 1,080 (447)
7.24-D Chlorinated phenoxy  pasture, small grains, corn M S M 612 (252)
8. Butylate Thiocarbamate corn, sweet corn 494 (204)
9. Bentazon Organophosphate beans, corn, small grains, alfalfa M S L 483 (199)
10. Dicamba Benzoic acid pasture, corn, small grains M S L 483 (199)
derivative
11. Pendimethalin Dinitroaniline corn, beans, potatoes, grains M L S 425 (175)
12. Glyphosate Organophosphate corn, beans, grains, pasture, L L S 416 (171)
other uses
13. MCPA Chlorinated phenoxy  small grains, peas M S L 175 (72.1)
14. Propachlor Acetanilide corn, peas, pumpkins, squash M S S 93.8 (38.7)
15. Metribuzin Triazinone beans, potatoes, alfalfa, grains L S L 84.4 (34.8)
Insecticides 605 (251)
1. Carbofuran Carbamate corn, potatoes, sweet corn, cucum- L M L 200 (82.5)
bers, sunflowers, strawberries,
forests
2. Chlorpyrifos Organophosphate corn, sugar beets, alfalfa, sweet corn, S M S 184 (75.9)
cranberries
3. Aldicarb Carbamate soybeans, sugar beets, sweet potatoes M S L 110 (45.2)
4, Fonofos Organophosphate corn, sweet corn, cabbage L S S 53.1(21.9)
S. Methyl parathion Organophosphate corn, sweet corn, sunflowers, alfalfa, M M S 44.9(18.5)
forest
6. Malathion Dithioate fruits, vegetables, forests 7.78 (3.21)
7. Terbufos Organophosphate corn, sugar beets, sweet corn M N S 5.02(2.07)
8. Permethrin Pyrethroid corn, potatoes, alfalfa, soybeans, S M S 4.02 (1.66)
forests
9. Diazinon Organophosphate corn, cranberries, cabbage L L S 0.48 (0.2)
10. Carbaryl Carbamate corn, carrots, cranberries, potatoes, M S S 0.06 (0.02)

green beans, forests

#Acetochlor is a herbicide that was reregistered in 1993 for weed control exclusively on corn and is included in table 1 for an
approximate comparison to other herbicide usages. Estimates of acetochlor were made from State reports of corn acreage plant-
ed by county in 1993 (Iowa Agricultural Statistics, 1994; Minnesota Agricultural Statistics Service, 1994; South Dakota
Agricultural Statistics Service, 1994; Wisconsin Agricultural Statistics Service, 1994) and average acetochlor application rates
for Iowa, Minnesota, South Dakota, and Wisconsin, based on a survey by the U.S. Department of Agriculture (U.S. Department
of Agriculture, 1995). Because acetochlor is applied exclusively to corn fields, acetochlor use has come at the expense of other
corn herbicides (shown in table 1) and would rank approximately sixth in quantity applied.
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Table 4.--Most frequently detected pesticides in urban stormwater-runoff samples collected

by the Minnesota Department of Agriculture from part of the Lake Harriet Watershed,

Minneapolis, Minnesota, 1992-932
[ug/L, micrograms per liter; site number 11, figure 7]

Maximum concentration of

Percent composited runoff events
detections (ug/L)®
Pesticide 1992 1993 1992 1993

Alachlor 8 22 1.0 1.5
Atrazine 21 44 38 36
Cyanazine 0 17 <0.2 1.1
24-D 67 90 6.4 74
Dicamba 33 50 2.6 2.6
MCPA 29 50 5.6 43
MCPP 62 90 12 16
Metolachlor 8 39 0.4 0.8

4Samples were analyzed for chlorpyrifos, deethylatrazine, deisopropylatrazine, diazinon, dichlorprop, EPTC,

ethalfluralin, fonofos, methyl parathion, metribuzin, pendimethalin, phorate, prometon, propachlor, propazine,
terbufos, trifluralin, and triclopyr. Analyses had detection limits of 0.2 pg/L.

®Based on composite samples of 21 storms in 1992 and 20 storms in 1993. Concentrations that exceeded the

U.S. Environmental Protection Agency’s (1994) annual maximum contaminant level of 3.0 pug/L for atrazine
are italicized in bold print.

Table 5.--Pesticide concentrations detected in stream samples collected by the U.S. Geological Survey

in the Upper Mississippi River Basin study area, 1975-922

[ug/L, micrograms per liter; na, not available; unfiltered water samples are noted]

Years Number of
Site sampled analyses Detected Detection
number Sampling (frequency (excluding Pesticides Number of concentrations limits
(ig. 7 site or purpose) duplicates) detected detections (ug/L) (ng/L)
1 Mississippi River near 1975-82 10-22 unfiltered diazinon 2 0.01 0.01-1.0
Royalton, Minn. (biannually or
quarterly)
9 Mississippi River above 1991, 92 3 atrazine 3 0.056-0.73 0.005
St. Anthony Falls, Minn. (low-level deethylatrazine 3 0.057-0.14 0.005
analyses) deisopropylatrazine 2 0.025-0.055 0.010
cyanazine 3 0.077-0.41 0.025
cyanazine-amide 3 0.01-0.073 0.025
metribuzin 1 0.008 0.005
prometon 3 0.008-0.01 0.005
simazine 3 0.012-0.025 0.005
alachlor 3 0.005-0.011 0.005
2-hydroxy-2',6'- 2 0.061-0.085 0.005
diethylacetanilide
metolachlor 3 0.018-0.12 0.005
DEET 3 0.018-0.200 0.005
12 Minnesota River near 1975-82, 90 23 unfiltered diazinon 1 0.08 0.01
Jordan, Minn. (biannually or 1 unfiltered dicamba 1 0.01 0.01
quarterly)
13 Nine Mile Creek at 1990 1 unfiltered 2,4-D 1 0.03 0.01

Bloomington, Minn.
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Table 5.--Pesticide concentrations detected in stream samples collected by the U.S. Geological Survey
in the Upper Mississippi River Basin study area, 1975-922--Continued

[ug/L, micrograms per liter; na, not available; unfiltered water samples are noted]

Years Number of
Site sampled analyses Detected Detection
number Sampling (frequency (excluding Pesticides Number of concentrations limits
(fig. 7) site or purpose) duplicates) detected detections (ng/L) (ug/L)
15 Minnesota River at 1991, 92 3 atrazine 3 0.042-0.900 0.005
river mile 3.5, Minn. (low-level deethylatrazine 3 0.036-0.150 0.005
analyses) deisopropylatrazine 1 0.150 0.010
cyanazine 3 0.013-0.97 0.025
cyanazine-amide 1 0.21 0.025
metribuzin 1 0.037 0.005
prometon 3 0.013-0.022 0.005
simazine 3 0.008-0.027 0.005
alachlor 3 0.018-0.44 0.005
2-chloro-2',6'- 1 0.008 0.005
diethylacetanilide
2-hydroxy-2',6'- 2 0.029-0.053 0.005
diethylacetanilide
metolachlor 3 0.058-0.700 0.005
DEET 3 0.005-0.081 0.005
16 Minnesota River at 1978, 90 4 unfiltered DDE 1 0.01 0.01
Ft. Snelling at
St. Paul, Minn.
19 Mississippi River 1976 26 none -- -- na
near Grey Cloud
Island, Minn.
(14 sites)
22 Mississippi River at 1991, 92 3 atrazine 3 0.056-0.79 0.005
Hastings, Minn. (low-level deethylatrazine 3 0.047-0.15 0.005
analyses) deisopropylatrazine 1 0.100 0.010
Cyanazine 3 0.04-0.79 0.025
cyanazine-amide 2 0.07-0.11 0.025
metribuzin 1 0.019 0.005
prometon 3 0.013-0.019 0.005
simazine 3 0.012-0.029 0.005
alachlor 3 0.013-0.250 0.005
2-hydroxy-2',6'- 2 0.031-0.061 0.005
diethylacetanilide
metolachlor 3 0.045-0.42 0.005
DEET 2 0.036-0.12 0.005
23 Namekagon River below 1981 2 unfiltered 2,4-D 1 0.01 0.01
Rainbow Creek near
Hayward, Wis.
24 Namekagon River at 1981 2 none -- -- 0.01-0.1
River Rat Landing
near Hayward, Wis.
28 St. Croix River at 1976 1 none -- -- 0.01-0.1
St. Croix Falls, Wis.
30 St. Croix River at river mile 1991, 92 3 atrazine 3 0.017-0.280 0.005
0.5, Wis. (low-level deethylatrazine 3 0.015-0.044 0.005
analyses) Cyanazine 1 0.043 0.025
simazine 3 0.007-0.019 0.005
alachlor 1 0.024 0.005
2-hydroxy-2',6'"- 1 0.069 0.005
diethylacetanilide
metolachlor 2 0.05-0.063 0.005



Table 5.--Pesticide concentrations detected in stream samples collected by the U.S. Geological Survey

in the Upper Mississippi River Basin study area, 1975-922--Continued
[ug/L, micrograms per liter; na, not available; unfiltered water samples are noted]

Years Number of
Site sampled analyses Detected Detection
number Sampling (frequency (excluding Pesticides Number of concentrations limits
(fig. 7) site or purpose) duplicates) detected detections (ug/L) (ng/L)
35 South Branch Vermillion 1980 5 unfiltered simazine 1 0.24 na
River at Empire, Minn. unfiltered diazinon 1 0.01 na
unfiltered dieldrin 1 0.01 na
unfiltered 2,4-D 1 0.02 na
36 Mississippi River at Lock 1978 4 none - - na
and Dam 3 near Red
Wing. Minn.
40 Mississippi River near 1991, 92 3 atrazine 3 0.045-0.72 0.005
Pepin, Wis. (low-level deethylatrazine 3 0.044-0.13 0.005
analyses) deisopropylatrazine 1 0.11 0.010
cyanazine 3 0.036-0.85 0.025
cyanazine-amide 3 0.037-0.13 0.025
metribuzin 1 0.023 0.005
prometon 3 0.011-0.021 0.005
simazine 2 0.018-0.045 0.005
alachlor 3 0.01-0.31 0.005
2-chloro-2',6'- 1 0.006 0.005
diethylacetanilide
2-hydroxy-2',6'- 1 0.027 0.005
diethylacetanilide
metolachlor 3 0.03-0.49 0.005
DEET 2 0.02-0.17 0.005

3At selected sites, samples were analyzed for alachlor, 2-chloro-2',6'-diethylacetanilide, 2-hydroxy-2',6'-diethylacetanilide,
aldrin, ametryn, atrazine, deethylatrazine, deisopropylatrazine, chlordane, chlorpyrifos, cyanazine, cyanazine amide,
DEET, diazinon, dicamba, dieldrin, disyston, 2,4-D, 2,4-DP, 2,4,5-T, endosulfan I, endrin, ethion, ethyl trithion,
Sfluometuron, fonofos, heptachlor, heptachlor epoxide, hexazinone, y-HCH (lindane), malathion, methomyl, methoxychlor,
methyl parathion, methyl trithion, metolachlor, 2,6-diethylaniline, metribuzin, mirex, molinate, 4-ketomolinate,
norflurazon, desmethylnorflurazon, parathion, perthane, picloram, prometon, prometryn, propham, silvex, simazine,
simetryn, thiobencarb, and toxaphene. Pesticides listed in italics were analyzed at parts-per-trillion concentrations.

Table 6.--Organochlorine insecticide concentrations detected in stream samples collected
by the Metropolitan Council Environmental Services in the Upper Mississippi River Basin
study area, 1981-932

[ug/L, micrograms per liter]

Site Sampling Detected Detection
number site (and Years Number of Insecticides Number of concentrations limits
(fig. 7) river mile) sampled samples detected detections (ng/L) (ug/L)

7 Mississippi River 1981, 8 y-HCH 1 0.001 0.001
at Anoka, Minn. (871.6) 88-93 o-HCH 1 0.019 0.002
chlordane 1 002 0.02-0.021
10 Mississippi River at Lock 1988-93 6 none none -- 0.001-0.02
and Dam 1, Minn.
(847.7)
12 Minnesota River 1981, 8 y-HCH 2 0.002, 0.003 0.002
near Jordan, Minn. 88-93 a-HCH 1 0.009 0.001
39.4) chlordane 1 005 0.02-0.021
heptachlor 1 0.002 0.001
14 Minnesota River near 1988-93 6 none none - 0.001-0.02
Black Dog Power Plant,
Minn. (8.5)
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Table 6.--Organochlorine insecticide concentrations detected in stream samples collected
by the Metropolitan Council Environmental Services in the Upper Mississippi River Basin

study area, 1981-932--Continued
[ug/L, micrograms per liter}

Site Sampling Detected Detection
number site (and Years Number of Insecticides Number of concentrations limits
(fig. 7 river mile) sampled samples detected detections (ug/L) (ug/L)
16 Minnesota River at Fort 1981, 7 y-HCH 1 0.006 0.002
Snelling State Park, 88-93
Minn. (3.5)
17 Mississippi River 1981, 8 y-HCH 1 0.001 0.002
at St. Paul, Minn. 88-93 o-HCH 1 0.01 0.001
(839.1) chlordane 1 0.06 0.02-0.021
heptachlor 1 0.005 0.001
18 Mississippi River at New- 1981, 6 y-HCH 1 0.002 0.001
port, Minn. 88-93
(831.0)
20 Mississippi River at Grey 1981, 8 y-HCH 2 0.003,0.004  0.002
Cloud Island, Minn. 88-93 a-HCH 1 0.005 0.001
(826.7) chlordane 2 0.04,0.06 0.02-0.021
dieldrin 1 0.04 0.003
endosulfan I 1 0.014 0.002
endrin 1 0.016 0.012
aldehyde
heptachlor 1 0.001 0.001
21 Mississippi River at Lock 1981, 8 y-HCH 1 0.002 0.002
and Dam 2, Minn. 88-93 o-HCH 1 0.002 0.001
(815.6) dieldrin 1 0.008 0.003
endosulfan IT 1 0.011 0.005
endrin 1 0.015 0.004
29 St. Croix River at 1981, 7 a-HCH 1 0.015 0.001
Stillwater, Minn. 88-93 chlordane 1 0.05 0.02-0.021
(23.3) dieldrin 1 0.007 0.003
heptachlor 1 0.006 0.003
31 St. Croix River at 1988-93 8 a-HCH 1 0.009 0.001
Prescott, Wis. heptachlor 1 0.003 0.001
0.3)
33 Vermillion River at Farm- ~ 1988-93 6 a-HCH 1 0.02 0.001
ington, Minn. (20.6) chlordane 1 0.03 0.007
34 Vermillion River below 1988-93 6 a-HCH 1 0.007 0.001
Empire Wastewater chlordane 1 0.03 0.02-0.021
Treatment Plant, Minn.
(15.6)
36 Mississippi River at Lock 1981, 7 y-HCH 1 0.002 0.002
and Dam 3, Minn. 88-93 a-HCH 1 0.01 0.001
(796.7, 797.5) chlordane 2 0.03,0.06 0.02-0.021
heptachlor 1 0.003 0.001

Selected samples were analyzed for the organochlorine insecticides chlordane, 4,4'-DDT, 4,4'-DDD, 4,4'-DDE,
dieldrin, and endrin in all samples, and aldrin, y-HCH (lindane), o-HCH, $-HCH, 6-HCH, endosulfan I, endosulfan II,
endrin aldehyde, endosulfan-sulfate, endrin ketone, heptachlor, heptachlor epoxide, methoxychlor, and toxaphene in
selected samples. Insecticides exceeding the U.S. Environmental Protection Agency’s ambient freshwater-quality
criteria for the protection of aquatic organisms are italicized in bold print. Refer to table 18 for actual criteria. Quality-
control data, including analyses of equipment and laboratory blanks, were used to evaluate sample contamination.
When data indicated contamination of an analyte, results were noted in the text or censored below the greatest con-
centration of contamination. y-HCH and a-HCH were detected in blank samples at concentrations similar to environ-
mental samples.
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Table 7.--Organochlorine insecticide concentrations detected in streambed-sediment samples collected by
the Metropolitan Council Environmental Services in the Upper Mississippi River Basin study area, 1982-882
{ng/kg, micrograms per kilogram)

Site Sampling Detected Detection
number site Years Number of Insecticides Number of  concentrations limits
(fig. 12) (river mile) sampled samples detected detections (ng/kg) (ng/kg)

2 Mississippi River at 1982-85, 6 a-HCH I 5 0.07-5.0
Anoka, Minn. (871.6) 87, 88 y-HCH 1 15 0.13-0.53
heptachlor 1 5 0.07-0.6
3 Mississippi River at Lock 1983, 87, 3 4,4'-DDD 1 2.7 0.4-3.6
and Dam 1 (847.7) 88 4,4'-DDE I 7.4 0.2-1.8
4 Minnesota River at Jordan, 1983, 84, 4 o~-HCH 2 10, 13 0.04-0.53
Minn. (39.4) 87, 88 y-HCH 1 9.8 0.08-1.2
5 Minnesota River at 1982-85, 1ob a-HCH 1 15.0 0.05-13
Ft. Snelling State Park 87, 88 y-HCH I 0.4 0.11-1.2
3.5) chlordane 1 32.6 1.1-12
4,4-DDD 3b 1.7-23 0.33-3.6
4,4DDE 4b 0.01-1.7 0.01-0.8
heptachlor 1 7.0 0.05-5.0
toxaphene I 8.0 3-100
6 Mississippi River at St. Paul, 1982-85, 12° o-HCH 6 0.98-7.9 0.04-5
Minn. (839.1) 87, 88 y-HCH 2 0.44, 20 0.2-1.2
chlordane 1 267 3.9-12
4,4'-DDE 1 0.95 0.6-7.0
7 Mississippi River at Newport, 1987, 88 2 4,4-DDD 1 1.2 0.26-3.6
Minn. (831.0)
9 Mississippi River at Grey 1982-85, 21b a-HCH 2b 3.0,4.9 0.5-5.0
Cloud Island, Minn. (826.7) 87, 88 y-HCH 2 1.2,8.0 0.07-1.2
8-HCH 1 0.34 0.05-15
4,4-DDD 2b 1.1,26 0.2-14
4.4-DDE 2b 09,22 0.1-7.0
heptachlor 2 0.33-9.0 0.05-5.0
10 Mississippi River at Lock 1982-85, 21 o-HCH gb 1.2-13.0 0.05-5.0
and Dam 2 (815.6) 87, 88 y-HCH 2 4.1,11.0 0.16-1.2
endrin 2b 0.23,0.28 0.26-10.0
heptachlor 2 0.17,5.0 0.05-5.0
13 St. Croix River at Stillwater, 1984, 85, 100 4,4'-DDD 1 20 0.29-3.6
Minn. (23.3) 87,88 4,4'-DDE 1 1.0 0.39-4.8
dieldrin 1 0.32 0.15-1.6
14 St. Croix River at Prescott, Wis. 1983-85, 5 4,4-DDD 1 14 1.4-3.6
(1.7,0.3) 87, 88 dieldrin 1 0.59 0.16-1.6
15 Vermillion River below 1987, 88 2 4.4'-DDD 1 1.2 0.29-3.6
Empire WWTP (15.6) 4,4-DDE 1 0.87 0.39-1.8
16 Mississippi River at Lock 1982-85, 15° a-HCH 2 5.3,6.1 0.06-5.0
and Dam 3 (796.7, 797.5) 87, 88 y-HCH 2 2.1,8.0 0.08-1.2
heptachlor 2 0.07,7.0 0.04-5.0
toxaphene 1 3.0 3.0-120

4Samples were analyzed for the organochlorine insecticides aldrin, a-HCH, B-HCH, 8-HCH, y-HCH (lindane), chlordane,
4,4-DDD, 4,4'-DDE, 4,4'-DDT, dieldrin, endosulfan I, endosulfan II, sulfate, endrin, endrin aldehye, heptachlor, heptachlor
epoxide, and toxaphene.

PIncludes analyses of both discrete samples, collected from the left, right, or center sections of channel, and composites of
discrete samples.
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Table 8.--Organochiorine insecticide concentrations detected in streambed-sediment samples collected by
the Minnesota Pollution Control Agency in the Upper Mississippi River Basin study area, September 19782
[ug/kg, micrograms per kilogram; --, not applicable]

Site Detected Detection
number Sampling Number of Insecticides concentrations limits
(fig. 12) site samples detected (ng/kg) (ng/kg)

17 Cannon River at Gorman Lake near Cordova, Minn. 1 none - 0.01-5.0
18 Little Cannon River at Sabre Lake near Cordova, Minn. 1 none -- 0.01-5.0
19 Cannon River at Lake Tetonka near Waterville, Minn. 1 chlordane 3.0 1.0
20 Cannon River at Highway 66 near Warsaw, Minn. 1 chlordane 4.0 1.0
21 Cannon River at Faribault, Minn. 1 4,4'-DDD 21.0 1.0

22 Straight River 1.5 miles east of Faribault, Minn. 1 a-HCH 24.0 1.0

23 Cannon River at Straight River confluence at Faribault, Minn. 1 none -- 0.01-5.0

24 Cannon River 3.5 miles northwest of Cannon City, Minn. 1 none -- 0.01-5.0

25 Cannon River above Northfield, Minn. 1 none - 0.01-5.0

26 Cannon River northeast of Northfield, Minn. 1 none - 0.01-5.0

27 Cannon River at Highway 56 near Randolph, Minn. 1 none - 0.01-5.0

2Samples were analyzed for the organochlorine insecticides aldrin, y-HCH (lindane), a-HCH, chlordane, 4,4'-DDT,
2,4-DDT, 4,4'-DDD, 4,4'-DDE, 2,4'-DDE, dieldrin, endrin, and methoxychlor.

Table 9.--Organochlorine insecticide concentrations detected in streambed-sediment samples collected by
the U.S. Army Corps of Engineers in the Upper Mississippi River Basin study area, 1974-922
[ug/kg, micrograms per kilogram,; --, not applicable]

Reach River reach Detected Detection
letter sampled Years Number of Insecticides Number of  concentrations limits
(fig. 12) (river miles) sampled samples detected detections (ng/kg) (ng/kg)
A Mississippi River—Pool 0 1974, 75, 78, 16 4,4-DDD 2 02,13 0.1-10
(857.6-854.9) 80, 89 4,4'-DDE 1 2.2
B Mississippi River—Pool 1~ 1974, 75, 78, 14 aldrin 1 0.12 0.09-0.1
(853.0-847.9) 80, 82, 89 40 chlordane 7 1.0-6.0 1.0-15.36
40 4,4-DDD 12 0.3-3.6 0.1-10
40 4,4'-DDE 5 1.0-49 0.1-10
40 4,4-DDT 9 0.2-2.2 0.1-10
C Mississippi River—Pool 2 1974, 75, 78, 16 aldrin 3 04-1.1 0.09-1.02
(843.36-814.4) 80-82, 84, 88, 32 y-HCH 1 1.0 0.006-1.02
89, 92 73 chlordane 11 0.83-11 0.04-10
73 4,4'-DDD 16 0.20-7.0 0.01-10
73 4,4-DDE 9 0.5-7.3 0.01-10
74 4,4'-DDT 6 0.4-9.7 0.01-10
74 dieldrin 7 0.7-2.9 0.01-10
74 endrin 2 0.2,1.0 0.02~-10
D Minnesota River 1975, 78-80, 14 chlordane 2 1.0 1.0-15.36
(14.6-0.1) 82, 89 14 4,4'-DDD 2 0.8 0.1-10
14 4,4'-DDE 1 1.0 0.1-10
15 4,4-DDT 1 0.4 0.1-10
15 dieldrin 2 0.5,0.6 0.1-10

48



Table 9.--Organochlorine insecticide concentrations detected in streambed-sediment samples collected by

the U.S. Army Corps of Engineers in the Upper Mississippi River Basin study area, 1974-922
[ug/kg, micrograms per kilogram; --, not applicable]

Reach River reach Detected Detection
letter sampled Years Number of Insecticides Number of  concentrations limits
(fig. 12) (river miles) sampled samples detected detections (nug/kg) (ng/kg)
E Mississippi River—Pool 3 1974, 78-82, 35 aldrin 1 0.15 0.09-0.1
(815.01-799.2) 89 chlordane 3 0.4-8.0 1.0-15
4,4-DDD 2 1.4,4.9 0.1-10
4,4-DDE 1 4.6 0.1-10
4,4-DDT 3 0.4-1.0 0.1-10
dieldrin I 1.0 0.1-10
endrin 2 0.2 0.1-10
F St. Croix River 1980, 82, 89 8 none none - 0.07-1.48
(17.5-0.6)
G Mississippi River—Pool 4 1974, 78-82, 39 chlordane 2 7.1,9.0 0.04-15.36
(763.5-794.5) 88, 89 39 4,4-.DDD 5 1.5-5.28 0.01-10
39 4,4-DDE 4 0.28-50 0.01-10
40 4,4'-DDT 6 0.3-700 0.01-10
40 dieldrin 3 0.2-1.2 0.01-10
40 endrin 1 0.24 0.02-10

8Samples were analyzed for the organochlorine insecticides chlordane, 4,4'-DDT, 4,4'-DDD, 4,4'-DDE, dieldrin, and endrin
in all samples, and aldrin, a-HCH, B-HCH, 8-HCH, y-HCH (lindane), endosulfan I, endosulfan II, endosulfan-sulfate,
endrin aldehyde, endrin ketone, heptachlor, heptachlor epoxide, methoxychlor, and toxaphene in selected samples.

Table 10.--Pesticide concentrations detected in streambed-sediment samples coliected by the
U.S. Geological Survey in the Upper Mississippi River Basin study area, 1975-822
[ug/kg, micrograms per kilogram; na, not available; --, not applicable]

Site Sampling Detected Detection
number site Number of Insecticides Number of concentrations limits
(fig. 12) (and river mile) Years samples detected detections (ug/kg) (ug’kg)

1 Mississippi River near Royalton, 1975, 76, 5 endrin 1 0.1 0.1, na
Minn. (956) 78,79, 82 toxaphene 1 10 0.1, na
chlordane 1 1.0 na
mirex 1 0.1 na
4 Minnesota River near Jordan, 1975-79, 10 y-HCH 1 0.1 0.1, na
Minn. (39.4) 81, 82 4,4-DDD 1 4 0.1,na
dieldrin 1 0.4 0.1,na
endrin 2 0.1 0.1,na
heptachlor 2 0.1,0.11 0.1, na
epoxide 0.1, na
toxaphene 3 1,10 na
chlordane 0.1, 1.0
8 Mississippi River near Grey Cloud 1976 8 chlordane 3 14.0 na
Island at Inver Grove Heights, 4,4-DDD 6 0.2-0.6 na
Minn. (8 locations, 823) dieldrin 2 0.1 na
mirex 2 0.1 na
11,12 Namekagon River below Rainbow Creek 1981 2 none -- - na

and below Rat Landing
near Hayward, Wis. (66)

2Samples were analyzed for aldrin, y-HCH (lindane), chlordane, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, dieldrin, endrin, heptachlor,
heptachlor epoxide, and toxaphene at all sites and atrazine, 2,4-D, diazinon, endosulfan I, ethion, ethyl trithion, methoxy-
chlor, mirex, parathion, methyl parathion, simazine, silvex, and 2,4,5-T at selected sites.
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Table 11.--Pesticide concentrations detected in streambed-sediment samples collected by the
U.S. Geological Survey and the Wisconsin Department of Natural Resources in the Upper Mississippi
River Basin study area, 1991-942
[ng/kg, micrograms per kilogram]

Reach River reach Detected Detection
letter sampled Number of  Insecticides Number of concentrations limits
(fig. 12) (and river mile) Years samples detected detections (ug/kg) (ng/kg)
B Mississippi River—Pool 1 1994 1 chlordane 1 1.0 1.0

(853.0-847.9) 4,4-DDD 1 0.5 0.1
4,4-DDE 1 0.4 0.1

C Mississippi River—Pool 2 1991, 94 2 chlordane 2 1.0,3.5 1.0
(843.36-814.4) dieldrin 2 0.1,0.2 0.1
4,4-DDT 2 0.1,04 0.1

4,4-DDD 2 1.0, 1.6 0.1

4,4-DDE 2 0.8,1.2 0.1

E Mississippi River—Pool 3 1992, 94 2 chlordane 1 3.0 1.0
(815.01-799.2) dieldrin 2 0.1,0.3 0.1
4,4-DDT 2 0.2,0.7 0.1

4,4-DDD 2 1.0,3.8 0.1

4,4-DDE 2 1.1,1.2 0.1

F St. Croix River 1994 1 4,4-DDT 1 0.1 0.1
(17.5-0.6) 4,4-DDD 1 04 0.1
4,4-DDE 1 0.7 0.1

G Mississippi River—Pool 4 1992, 94 4 chlordane 4 2.0,2.0,4.0,40 1.0
(763.5-794.5) dieldrin 3 0.3,04,0.6 0.1
4,4-DDT 2 0.3,0.4 0.1

4,4-DDD 4 09,1.0,1.2,1.6 0.1

4,4-DDE 4 09,09, 1.0,2.5 0.1

4Samples were analyzed for the organochlorine insecticides aldrin, y-HCH (lindane), chlordane, 4,4'-DDT, 4,4'-DDD,
4,4'-DDE, dieldrin, endrin, heptachlor, heptachlor epoxide, 4,4'-methoxychlor, mirex, and toxaphene.

Table 12.--Frequencies of detection, numbers of wells sampled, detection limits, and concentration ranges
of most frequently detected herbicides in unfiltered ground-water samples from wells completed in sand
and gravel and bedrock aquifers analyzed by the U.S. Geological Survey in the Upper Mississippi River

Basin study area, 1983-942
[ng/L, micrograms per liter; --, not applicable; data for bedrock aquifers in parentheses]

Percent of Detection Range in detected
wells with Numbers of limits concentrations
Compound detections wells sampled (ng/L) (ng/L)

Alachlor 0(0) 70 (1) 0.01, 0.05,0.1 - (=)
Atrazine 31.8 (0) 85(1) 0.01, 0.05,0.1 0.04-0.81 (--)
Cyanazine 3.6 (0) 55 (1) 0.1,0.2 0.1(-)
Deisopropylatrazine 13.0 (90.9)® 46 (11) 0.1,0.06 0.06-0.98 (0.14-2.23)
Deethylatrazine 58.7 (100)® 46 (13) 0.03, 0.05 0.04-2.3 (0.14-2.28)
Metolachlor 2.8 (0) 70 (1) 0.01, 0.05, 0.1 0.1-0.45 (-)
Simazine 3.6 (0) 55(1) 0.05,0.1 0.05-0.1 (--)
Triazine compounds (immunoassay analysis) 18.3(17.3) 71 (81) 0.01,0.1 0.09-0.88 (0.13-1.3)

Detection limits varied depending on sampling design and analytical method. Other compounds analyzed for in
water samples from selected wells include: 2,4-DP, 2,4,5-T, 2,4-D, 2,6-diethylaniline, aldrin, o-HCH, ametryn,
ametryne, atratone, azinphos methyl, benfluralin, butylate, carbaryl, carbofuran, chlordane, chlorpyrifos,
cyprazine, DCPA, diazinon, dicamba, dieldrin, dimethoate, disulfoton, endosulfan I, endrin, EPTC, ethalflura-
lin, ethoprop, fonofox, heptachlor epoxide, heptachlor, lindane, linuron, malathion, methomyl, methoxychlor,
methyl parathion, metribuzin, mirex, molinate, napropamide, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, parathion,
pebulate, pendimethalin, permethrin, perthane, phorate, picloram, prometon, prometryne, pronamide, pro-
pachlor, propanil, propargite, propazine, propham, silvex, simetone, simetryne, tebuthiuron, terbacil, terbufos,
thiobencarb, toxaphene, triallate, and trifluralin.

bLarge percentages of these pesticides were detected because only samples testing positive for triazine com-
pounds by immunoassay were analyzed by gas chromatography/mass spectrometry.
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Table 13.--Frequencies of detection, numbers of wells sampled, detection limits, and concentration ranges
of most frequently detected herbicides in filtered ground-water samples from wells completed in sand and
gravel and bedrock aquifers analyzed by the U.S. Geological Survey in the Upper Mississippi River Basin

study area, 1990-932

[ng/L, micrograms per liter; --, not applicable; data for bedrock aquifers in parentheses]

Range in
Percent of Detection detected
wells with Numbers of limits concentrations
Compound detections wells sampled (ug/L) (ng/L)

Alachlor 0(0) 24 (2) 0.01, 0.05 - (=)
Atrazine 54.2 (100%) 24 (12) 0.05 0.03-0.81 (0.1-0.66)
Cyanazine 00 24 (2) 0.01,0.2 --(--)
Deisopropylatrazine 430 23(2) 0.05 0.06 (--)
Deethylatrazine 66.7 (50°) 24 (2) 0.02, 0.05 0.05-1.12 (0.32)
Metolachlor 4.2 (0) 24 (2) 0.01, 0.05 0.45 (--)
Simazine 00 24 (2) 0.01,0.05 - (=)

#Detection limits varied depending on sampling design and analytical method. Other compounds analyzed for in water sam-
ples from selected wells include: 2,4-DP, 2,4,5-T, 2,4-D, 2,6-diethylaniline, aldrin, o-HCH, ametryn, atratone, azinphos
methyl, benfluralin, butylate, carbaryl, carbofuran, chlordane, chlorpyrifos, cyprazine, DCPA, diazinon, dicamba, dieldrin,
dimethoate, disulfoton, endosulfan I, endrin, EPTC, ethalfluralin, ethoprop, fonofos, heptachlor epoxide, heptachlor, lin-
dane, linuron, malathion, methomyl, methoxychlor, methyl parathion, metribuzin, mirex, molinate, napropamide, 4,4"-
DDD, 4,4-DDE, 4,4'-DDT, parathion, pebulate, pendimethalin, permethrin, perthane, phorate, picloram, prometon, prom-
etryne, pronamide, propachlor, propanil, propargite, propazine, propham, silvex, simetone, simetryne, tebuthiuron, terba-
cil, terbufos, thiobencarb, toxaphene, triallate, and trifluralin.

bLarge percentages of these pesticides were detected because only samples testing positive for triazine compounds by
immunoassay were analyzed by gas chromatography/mass spectrometry.

Table 14.--Frequencies of detection, numbers of wells sampled, detection limits, and concentration ranges
of most frequently detected herbicides in unfiltered ground-water samples from wells completed in sand
and gravel and bedrock aquifers analyzed by the Minnesota Department of Agriculture in the Upper

Mississippi River Basin study area, 1987-932

[ug/L, micrograms per liter; --, not applicable; data for bedrock aquifers in parentheses]

Range in

Percent of Detection detected
wells with Numbers of limits concentrations

Compound detections wells sampled (ug/L) (ug/L)
Alachlor 29O 104 (3) 0.05 0.37-1.32 (--)
Atrazine 26.0 (66.7) 104 (3) 0.05 0.05-1.38 (0.2)
Cyanazine 0@ 104 (3) 0.10 - ()
Metolachlor 1.0 (0 104 (3) 0.10 0.82(--)

20ther compounds analyzed for in water samples from selected wells include: 2,4-D, EPTC, MCPA, aldicarb, butylate,
carbaryl, carbofuran, chloramben, chlorpyrifos, deethylatrazine, deisopropylatrazine, dicamba, disulfoton, fonofos, linu-
ron, methyl paration, metribuzin, pentachlorophenol, phorate, phosphamidon, picloram, propachlor, simazine, terbufos,

and trifluralin.
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Table 15.--Frequencies of detection, numbers of wells sampled, detection limits, and concentration ranges
of most frequently detected herbicides in unfiltered ground-water samples from wells completed in sand
and gravel and bedrock aquifers analyzed by the Wisconsin Department of Natural Resources in the Upper
Mississippi River Basin study area, 1988—-94%

[ug/L, micrograms per liter; --, not applicable; data for bedrock aquifers in parentheses]

Range in
Percent of Detection detected
wells with Numbers of limits concentrations
Compound detections wells sampled (ug/L) (ug/L)
Alachlor 0(0) 37 (50) 05, 1.0, 10 )
Atrazine 2.2(16) 46 (50) 0.5, 1.0, 3.0, 10 1.4 (0.64-3.0)
Cyanazine 0(0) 31(19) 0.5, 1.0 - ()
Deisopropylatrazine 0(0) 26 (14) 1.0 - (=)
Deethylatrazine 8.1(14.3) 37 (14) 0.5, 1.0,3.0, 10 1.0-1.3 (1.1-3.9)
Metolachlor 00 35 (50) 0.5, 1.0, 10 - (=)
Simazine 0(0) 15 (32) 0.5, 1.0, 3.0, 10 - ()
Triazine compounds (immunoassay analysis) 5.9(23.4) 34 (47) 0.5, 1.0 0.9-1.4 (0.5-8.4)

aDetection limits varied depending on sampling design and analytical method. Other compounds analyzed for in water
samples from selected wells include: 2,4-D, aldicarb, aldicarb sulfone, aldicarb sulfoxide, aldrin, a-HCH, B-HCH,
§-HCH, y-HCH (lindane), endosulfan I, endosulfan II, a-chlordane, butachlor, carbaryl, carbofuran, a-chlordane, y-
chlordane, cis-nonachlor, dalapon, 4,4'-DDT, diaminoatrazine, dicamba, dieldrin, dimethoate, dinoseb, diquat, en-
dosulfan sulfate, endothall, endrin, endrin ketone, eptam, glyphosate, heptachlor, heptachlor epoxide, methomyl,
methoxychlor, metribuzin, trans-nonachlor, oxamyl, phorate, picloram, silvex, terbufos, tetrahydrofuran, and tox-
aphene.

Table 16.--Frequencies of detection, numbers of wells sampled, detection limits, and concentration ranges
of most frequently detected herbicides in unfiltered ground-water samples from wells completed in sand
and gravel and bedrock aquifers analyzed by the Minnesota Department of Heath in the Upper Mississippi
River Basin study area, 1988-942
fug/L, micrograms per liter; --, not applicable; data for bedrock aquifers in parentheses]

Range in
Percent of Detection detected
wells with Numbers of limits concentrations

Compound detections wells sampled (ng/L) (ng/L)
Alachlor 0(0) 44 (43) 0.5 - ()
Atrazine 0(0) 44 (43) 0.5 )
Cyanazine 0(0) 36 (19) 0.5 - ()
Metolachlor 0(0) 44 (43) 0.5 - (=)
Simazine 0 (0) 44 (43) 0.5 - (=)

40ther compounds analyzed for in water samples from selected wells include: 2,4,5-T, 2,4,5-TP, 2,4-D, 2,4-DB,
3,5-dichlorobenzoic acid, 3-hydroxycarbofuran, 4-nitrophenol, 5-hydroxydicamba, DCPA-acid metabolites, acifluro-
fen, aldicarb, aldicarb sulfone, aldicarb sulfoxide, aldrin, alpha-chlordane, baygon, bentazon, butachlor, carbaryl, car-
bofuran, chloramben, dalapon, dicamba, dichlorprop, dieldrin, dinoseb, endrin, y-chlordane, glyphosate, heptachlor,
heptachlor epoxide, hexachlorobenzene, hexachlorocyclopentadiene, lindane, methiocarb, methomyl, methoxychlor,
metribuzin, oxamyl, picloram, propachlor, toxaphene, and trans-nonachlor.
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Table 17.--Frequencies of detection, numbers of wells sampled, detection limits, and concentration ranges
of most frequently detected herbicides in unfiltered ground-water samples from wells completed in sand
and gravel aquifers analyzed by the Minnesota Pollution Control Agency in the Upper Mississippi River

Basin study area, 1988-892
[ug/L, micrograms per liter; --, not applicable]

Range in detected

Percent of wells Numbers of Detection limits concentrations
Compound with detections wells sampled (ug/L) (ug/L)
Alachlor 0 11 0.16 -
Atrazine 0 11 0.05 -
Cyanazine 0 11 0.56 -
Metolachlor 0 11 0.12 -
Simazine 0 11 0.08 --

30ther compounds analyzed for in water samples from selected wells include: 2,4,5-T, 2,4-D, 3-hydroxy carbofuran,
EPTC, aldicarb, aldicarb sulfone, aldicarb sulfoxide, butylate, carbaryl, carbofuran, chloramben, chloropyrifos, disul-
foton, dyfonate, linuron, methyl parathion, metribuzin, phorate, phosphamidon, picloram, propachlor, silvex, terbufos,
and trifluralin.

Table 18.--Drinking-water standards and water-quality criteria (Nowell and Resek, 1994) for the most frequently
detected pesticides in the Upper Mississippi River Basin study area, 1974-94
[Pesticides with no U.S. Environmental Protection Agency standards or criteria are not listed; degradation products and isomers of
pesticides are indented; concentrations are in micrograms per liter of water or in micrograms per kilogram of sediment; --, no applicable
standard or criteria; MCL, Maximum Contaminant Level; MCLG, Maximum Contaminant Level Goal]

w

U.s.

Drinking water Freshwater Sediment
Pesticide Media in which Maximum
(metabolites and pesticides were detected Long term concentrations
isomers indented (SW, streams; consumption for protection of Sediment-
below parent Pesticide BS, streambed sediment; limits for adult  aquatic life, acute quality
compound) class GW, ground water) MCL?* MCLG (and child) (and chronic) criteria
Herbicides
Alachlor Acetanilide SW, GW 2.0 0 (100) - -
Atrazine Triazine SW, GW 3.0 3.0? 200 (50) -- -
Deethylatrazine Triazine SW, GW -- - - -- --
Deisopropylatrazine Triazine GW - -- -- -- --
Cyanazine Triazine SW, GW - 1.0 70 (20) -- -
Dicamba Benzoic acid derivative SW -- - 1000 (300) - -
Metolachlor Acetanilide SW, GW -- - 5000 (2000) - -
Simazine Triazine GW 4.0 - 200 (50) 100 -
2,4-D Chlorinated phenoxy SW 70 - -- - -
Insecticides
Aldrin Organochlorine BS -- -- 0.3(0.3) 30 --
Chlordane Organochlorine BS 2.0 0 (0.05) 2.4 (0.0043) 309
44'-DDT Organochlorine BS - - - 1.1 (0.001) 828

4,4'-DDD Organochlorine BS - - - 0.6 -

4 4'-DDE Organochlorine BS - - - 1,050 -
Diazinon Organophosphate SW -- - 20 (5.0) - -
Dieldrin Organochlorine BS -- - 2.0(0.5) 2.5(0.0019) -
Endosulfan I Organochlorine SwW - - -- 0.22 (0.056) 300

Endosulfan II Organochlorine SW - - - 0.22 (0.056) 300
Endrin Organochlorine BS 2.0 - 16 (4.5) 0.18 (0.0023) 4,200
y-HCH (or lindane)  Organochlorine BS 0.2 -- 120 (33) 2.0 (0.008) 157

a-HCH Organochlorine BS - -~ 20 (50) 100 -

B-HCH Organochlorine BS -- - - 100 -

8-HCH Organochlorine BS - -- -- 100 --
Heptachlor Organochlorine BS 04 0 17.5(5) 0.52 (0.0038) 110
Heptachlor epoxide Organochlorine BS 02 0 0.1(0.1) 0.52 (0.0038) -
Toxaphene Organochlorine BS 3.0 0 -- 0.73 (0.0002) 64.7

8Maximum contaminant level goal for atrazine in Wisconsin includes concentrations of atrazine, deethylatrazine, deisopropylatra-
zine, and diaminoatrazine (Wisconsin Department of Natural Resources, 1994).
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